Introduction
Pike are widely distributed in Europe, Asia and North America, and are valuable objects of commercial and recreational fishery throughout much of its natural range [1, 2] . As a top-level piscivore, the pike plays an important role in the regulation of fish communities in river and lake ecosystems [3] [4] [5] [6] [7] . Therefore, pike are a well-studied fish in many respects. In Lithuania, pike are common in various lakes and are one of the most important freshwater species. The share of pike ranges from 1 to 14% (4% on average) in lake fish communities [8] . The minimum fishing size of this species in all fresh waters of Lithuania is 45 cm (total length). The majority of the studies carried out in Lithuania are devoted to the abundance [8] [9] [10] [11] [12] and growth rate of pike [8, 9, [13] [14] [15] [16] [17] . According to Žiliukienė and Žiliukas [17] , pike growth rate negatively correlates with bogginess in mesotrophic lakes and limpidity and bogginess in eutrophic lakes in Lithuania. Kesminas et al. [10] determined that the ratio of production (P) and biomass (B) of pike in Lithuanian rivers ranges from 0.45 to 0.53. However, there is a lack of knowledge pertaining to the formation of the population structure and year-class strength of pike in Lithuanian waters.
According to Smith et al. [18] , year-class strength can be the primary factor regulating both the abundance and structure of a fish population. Conversely, Franklin and Smith [19] reported that the abundance of adult pike and the strength of resulting year-classes were not directly related in Lake George (Minnesota). As it is known, the abundance of pike is controlled by a combination of many factors. Rydell et al. [20] investigated pike population characteristics in Nebraska's Hackberry Lake, which is near the south-western edge of the pike's natural geographical range, and determined that the strongest year-classes occurred in years with relatively moderate air temperatures. Winter severity (cumulative number of days ≤0ºC) did not significantly correlate with year-class strength. According to other authors [21, 22] , pike year-class strength positively correlates with air temperature at more northerly latitudes. The strongest year-classes occur in years with lower wind speeds [20] . Seasonal variation in water level is commonly cited as a factor strongly influencing the year-class formation of pike [18, [22] [23] [24] . Pauker and Willis [25] noted that strong and weak year-classes could occur among different pike populations in the same year, depending upon lake characteristics and environmental factors. Probst et al. [26] observed in a literature review that the year-class strength of fish is usually determined during their early life history stages because the highest rates of mortality within a cohort usually occur during the egg, larval and juvenile stages. Therefore, year-class strengths give an indication on the spawning and survival success of fish during a particular year.
An understanding of the pike population structure and environmental factors that influence year-class strength formation is essential for the enhancement of effective management in Lithuanian waters. Lake Rubikiai is a mesotrophic bream-type water body. In its fish community, the share of pike reaches 10% according to abundance and 22% according to biomass [8] . It is a valuable object of recreation fishery. Previous investigations [17] indicated that the growth rate of pike in Lake Rubikiai was higher than in most other Lithuanian lakes. Von Bertalanffy growth parameters for the whole population in this lake were: mean asymptotic total length L ∝ =131.7 cm, coefficient of growth rate k=0.1530 yr -1 , hypothetical time at which length is zero t 0 = 0.0398 yr. The length-weight relationship was described by the equation W=0.0060´L 3.0167 . The aim of this study is to describe the peculiarities of pike spawning in Lake Rubikiai, determine the spawning population structure and evaluate the influence of some environmental factors on year-class strength formation.
Experimental Procedures
Investigations took place in Lake Rubikiai located in the northeast of Lithuania (55 o 30'0''N and 25 o 18'0''E). Only amateur fishing is carried out in the lake. The zero water level for Lake Rubikiai is 124.4 m above the mean sea level according to the Baltic System. Its surface area is 968 ha, average depth 5.7 m, maximum depth 16.1 m. The shores are mostly steep. The coastline is very wavy, with the length of 24 km. According to the data of the Environmental Protection Agency of Lithuania, Secchi disk visibility in the lake ranges from 2.4 to 2.8 m, total nitrogen (N) from 0.9 to 2.2 mg/l, total phosphorus (P) from 0.014 to 0.057 mg/l, and BOD 7 from 1.0 to 3.0 mg O 2 /l.
Pike samples used for the study were captured with hoop-nets at the depths of 0.5-1.3 m in two natural spawning grounds during March and April (1998-2000, 2002-2004, 2009-2011) (Figure 1) . The special fishing permits were granted from Environmental Protection Agency of Lithuania for research purposes. The distance between investigated spawning grounds was about 250 m. The bottom of the spawning grounds was covered with leaves and decayed plant debris accumulated in autumn. Dense growths of alder trees were also present.
A total of 1586 (1274 male and 312 female) pike were caught during the sampling period. All specimens were measured for total length (TL) with an accuracy of 0.5 cm and weighted (W) with an accuracy of 1 g. Four to six scales were taken from the region above the lateral line and below the base of the dorsal fin of each individual. The scales were placed in an alcohol solution and then cleaned and dried. Fish age was determined by reading scales through a binocular.
The survey of the intensity and duration of spawning activity was carried out by capturing ripe spawners in the spawning areas [27, 28] and observing the spawning grounds from the banks [29] . The data about spring water level, its variability during the pike spawning period, water temperature and the last day of ice presence on the lake were collected for 18 years (1994-2011). Each year, a decrease in water level (WL) was determined from the lake level (m above sea level) recorded at the beginning (WL max ) and at the end of fish spawning (WL min ). Surface water temperature was measured in two sites located in different spawning grounds at the depth of 30 cm twice per day: at 12.00 (when water surface was free of ice at the time of frosts), and at 18.00. The site locations depended on the water level in the lake.
The relative year-class strength (YCS) was assessed using a modification of Kempe's method [30] as described by Mann [31] or Bregazzi and Kennedy [32] . The percentage of pike in each age group in each year of capture was calculated, and thence the mean percentage value for each age group was obtained for use as a standard. The relative YCS was estimated by summing the percentage occurrence of each year-class through all years of capture and comparing this value with the sum of the standards of the same period.
The mean percentage of pike in each age group was used to determine the mean instantaneous mortality rate (Z) of the population by using the linear relationship between the natural logarithm of the mean percentage number of fish in each age group and fish age according to Z=lnN t -lnN t+1 [31] , where N t -is the number of fish at age t and N t+1 -is the number of fish at age t+1. The mean annual survival rate (S) was calculated from the formula S=N t+1 /N t [31, 32] .
In order to make a comparison between the published data of various authors, a possible conversion from fork length (FL) to total length (TL) was made using the following conversion factors [32] : TL=FL/0.94.
Statistical analysis of the data was performed with the Statistica 6.0 program. Linear correlation analysis was used to evaluate the significance of relationships between YCS and environment factors such as maximum water levels, differences between maximum and minimum water levels, and the significance of relationship between female length and spawning date. The relationships were considered significant at P≤0.05.
Results
In Lake Rubikiai, the beginning, duration and course of pike spawning varied considerably between years. The first spawning migration began at a relatively low water temperature of 4°C as soon as ice broke on the edges of the lake. The spawning usually coincided with increases in water level caused by melting snow and spring precipitation. This normally occurred iin the end of March, but varied from the middle of March to early April in different years. The spawning of pike in the investigated spawning grounds lasts for 2-5 weeks. Fish spawned at a depth of 0.2-0.5 m. Water temperature during the spawning period was relatively stable, between 4 and 6ºC, during March and the first week of April and increased slightly towards 10ºC in the middle of April. The spawning periods in 1997-1998 and in 2002 were prolonged and broke under the influence of weather conditions. Environmental factors such as strong north wind, temperature drop below zero, and sleet slowed down spawning activity and finally stopped it.
The flooding of the investigated spawning grounds started at a water level of 132.9 m above sea level. Lakeside areas were usually inundated from mid-March to the end of April. It can be seen in Figure 2 that the highest water level at the beginning of the spawning The age of captured pike ranged from 1 to 12 years. Figure 3 shows total length (TL) and weight in consecutive years of fish life. The first spawning males were 26.5-28.5 cm in length, 106-133 g in weight and 1 year of age, while the first spawning females were 31.5-35.5 cm in length, 175-241 g in weight and 2 years of age. The available data did not show a correlation between female length and spawning date (r=0.147, P=0.289) (Figure 4) . Older females were caught throughout the spawning period.
The age-frequency histograms show that the age structure of the pike spawning population varied between years ( Figure 5) . A vast majority of the pike spawning population in Lake Rubikiai was 2-5 years old (88.8%). Overall, the relative abundance of 3-year-old fish was the highest, except for 1999 when 4-year-old pike predominated. The numbers of pike aged 8 and older were negligible. Only three fish aged 12 were collected during the nine sampling years. Figure 6 shows that maximum age differed strongly between sexes. The oldest males were only 8 years old, while females were up to 12 years old. No 1-yearold female was caught during our study. By relative abundance, males were dominated by individuals aged 2-5 (96.0% of all sampled males) whereas females were dominated by individuals aged 3-8 (89.1% of all sampled females). 1-year-old spawning males and 2-year-old spawning females constituted merely 2.1% and 2.6% in the catches, respectively. The overall sex ratio of pike (female to male) was 1:4.1.
As it has been mentioned above, a very small percentage of fish spawned for the first time at the age of 1 year. This age group was therefore omitted from the determination of Z and S and subsequent determination of YCS. The derivation of pike survival from catch data based on the relationship between the natural logarithm of the number of fish in each age group and age is shown in Figure 7 . The results obtained were: the mean annual survival rate (S) for pike (aged ≥2) from Lake Rubikiai was 0.74, and the mean annual instantaneous mortality rate (Z) was 0.45.
It can be seen in Figure 8 that YCS greatly varied in the period from 1994 to 2009. The largest YCS determined in 1997 was about 2.5 times as numerous as the smallest one determined in 2002. Cowx and Frear [33] noted that a value >100 represents a strong YCS, and a lower value represents a weak YCS. During the investigated period, half of YCS were strong and half were weak. The strongest 1997 year-class (146. The data analysis showed a statistically significant negative correlation between YCS and maximum water level at the beginning of the pike spawning period (r=-0.62, P=0.01) (Figure 10a) . However, YCS did not correlate with minimum water level at the end of spawning (r=-0.27, P=0.304). The formation of strong year-classes of pike depended (r=-0.64, P=0.007) on the difference between water level at the beginning and at the end of the spawning period (Figure 10b) . Water level was one of the main factors determining to a great extent the success of spawning and hence the formation of strong YCS of pike, which laid eggs in flooded shallow places. Lake Rubikiai is characterised by a comparatively sudden decrease in water level in spring. It was merely ≤132.9 m above sea level at the end of pike spawning in some years ( Figure 2) . The more spawning grounds emerged from water and became unflooded at the end of pike spawning, the more eggs and larvae still incapable of moving died. Therefore, in 2002, when the greatest drop in water level was observed (25.5 cm), a very low year-class of pike (57.9) formed (Figures 2, 8) . No flooding practically occurred in Lake Rubikiai in 1997, 2000-2001 and 2003 . Water level was less than 134.4 m above sea level. Pike spawning was most intensive in near-shore waters. The difference between WL max and WL min was only 2-3 cm, which laid a firm foundation for the formation of a strong year-class of pike in said years (Figures 2, 8 ). For example, the largest YCS (146.8) ever recorded during the whole period of investigation was estimated in 1997.
Discussion
Frost and Kipling [34] indicated that water temperature is one of the factors controlling the onset of spawning in pike. The spawning of fishes usually takes place between March and May at water temperatures ranging from 6 to 14ºC [34, 35] . In Lake Rubikiai the pike began to spawn at a lower water temperature of 4ºC. Pagel noted [36] that the mean daily water temperature during the pike spawning period in Lake Kleiner Döllnsee (Germany) was relatively stable between 5 and 6ºC during March 2008 and increased slightly towards 8ºC in mid-April. According to our data, water temperature during the spawning period was also relatively stable.
During March and first week of April it ranged from 4 to 6ºC and increased slightly towards 10ºC in the middle of April. Low water temperatures were generally caused by spring frosts, which usually were observed once or twice during the spawning period and continued from one to six days. The beginning and end of the spawning period is in part due to the location of the water body. According to Ristkok [37] , in Estonian inland waters the spawning of pike usually begins in the middle of April, at the time of ice breaking when water temperature reached 4-6ºC. The spawning lasts for 3-4 weeks, but in a cold spring it may extend until the beginning of June. In Lake Rubikiai, which is further south, the pike began to spawn usually in the end of March, i.e., as soon as the edges at the spawning grounds were completely free of ice cover. The spawning period lasted until the end of April. Nilsson [38] investigated the spawning areas of pike along the Swedish coast of the Baltic Proper and noted that spawning peaked during the last week of April in streams and during the first week of May in brackish waters. Treasurer [39] reported that in two Scottish lakes, Kinord and Davan, the spawning of fishes occurred in the first two weeks of April. According to Avian et al. [40] the reproductive period of pike in the immigration ditch Storta in north-eastern Italy was from late March to the end of May. Balik et al. [41] reported that in Lake Karamik (Turkey) pike spawned between February and March. In a eutrophic freshwater lagoon, Slapton Ley (England) spawning took place as early as in February [32] . Thus, due to the location of the water body, the pike spawning period includes the following months -February, March, April, May and June.
It is known from literature that pike prefer shallow areas (0.5-1.5 m water depths) at the beginning of the spawning season [29, 38] . In some cases they prefer deeper areas at the end of the breeding season [42] . Gillet and Dubois [29] reported that pike preferred the depth of 3 m in lakes Geneva and Vouglans at the end of the breeding period (early May) because at that time surface water temperature had risen to 14ºC, whereas temperature at the depth of 3 m was 10.5ºC. According to our data, pike spawned at a depth of 0.2-0.5 m.
According to the data of Paukert and Willis [25] , of 11 populations of pike in Nebraska's Sandhill, only 2 had fish older than 6 years. Alessio [43] stated that within Italian populations most pike did not exceed 4-5 years of age and only a few attained 8-10 years of age. Pagel [36] reported that a vast majority (82.4%) of the pike population in Lake Kleiner Döllnsee (Germany) was less than 4 years old. Only 3.2% of all pike sampled were older than 7 years. Raat [44] commented that most pike populations comprised individuals younger than 5-6 years of age. According our data, the spawning population of the pike in Lake Rubikiai is not young. The oldest fish caught was 12 years of age. It is reported that the oldest pike are females [21, 40, 45] . Our studies confirm this assumption. In Lake Rubikiai, fish older than 8 years were females.
Bregazzi and Kennedy [32] noted large differences in sex (female to male) ratios of pike caught in February and May during the spawning season (1:6 and 1:7, respectively). According to Çubuk et al. [46] , the ratio of females to males caught in Lake Karamik (Turkey) in the spawning season (in February and March) was higher than in other months (1:3.64). The authors concluded that males might be more active than females in that period. The overall sex ratio determined in Lake Rubikiai was 1:4.1.
According to Avian et al. [40] , some pike males attained maturity at age 1, while females did not attain sexual maturity until aged 2. Mature 1-year-old pike, generally males, were also recorded in Lough Glore (Ireland), whereas females recorded during the same investigation tended to mature at 2 years of age in waters where growth rate was rapid [47] . Alessio [48] stated that males and females reached maturity at 2 and 3 years of age, respectively. Diana [49] reported from three Michigan lakes that most pike were fully mature at 2 years of age. Frost and Kipling [34] reported that length rather than age determined when pike first spawned. According to Pagel [36] the total length at maturation for 100% of the population in Lake Kleiner Döllnsee was 38.5 cm for female and 19.9 cm for male pike. Frost and Kipling [34] found that the majority of northern pike in Lake Windermere (UK) spawned for the first time at age 2. The mean length of those pike was 38.1 cm for males and 42.1 cm for females. Grimm and Klinge [50] found that the critical fork size for males and females when they first matured was 18.0 (TL 19.1 cm) and 26.0 cm (TL 27.6), respectively. Pike in Lake Rubikiai were characterized by a more rapid growth rate in comparison with other Lithuanian lakes [17] ; therefore, fish began to spawn comparatively early, i.e. some males at age 1 when they reached 26.5-28.5 cm in length and some females at age 2 when they reached 31.5-35.5 cm. These fish constituted only 2.1 and 2.6% in the spawning population, respectively.
According to Pagel [36] , larger and older females spawn first. Wilkonsa and Zurowska [51] reported that in Mazurian lakes (Poland) old pike usually spawned in deep spawning grounds (2-7 m) at the end of the breeding season in May. However, Franklin and Smith [19] found no change in the average size of male and female pike during the spawning season. Our data indicate that there is no statistically significant correlation between female length and spawning date.
The data obtained show that the mean annual instantaneous mortality (Z) for the whole population of pike (≥ age 2) from Lake Rubikiai is similar to Z for pike from Scottish lakes Kinord and Davan [39] but less than Z for pike in other waters, e.g. Slapton Ley [40] , Stour and Frome rivers [45] , Lake Karamik [46] (Table 1) . According to the literature [39, 40, 45] , survival (S) rates fluctuate between 0.57 and 0.63. In Lake Rubikiai it was higher. Only amateur fishing is carried out in this lake.
Pihu and Turovski [52] noted that the formation of a strong year-class of pike depends, first of all, on the water level in the spawning period. According to the authors, good pike catches in Lake Peipsi occurred 2-4 years after the period of high water level in spring. Several other authors also reported that YCS positively correlates with the high water level [22, 53, 54] . Smith et al. [18] determined a negative YCS with high water level variability in spring. Johnson [23] indicated that a high spring water level during spawning and a small decline in the levels during egg incubation represent good conditions for the production of a strong pike year-class. In Lake Rubikiai a huge spring flood was often followed by quite a sudden water level drop. Therefore, YCS negatively correlated with the difference between water level at the beginning and at the end of the pike spawning period. Our data show that in this lake the strongest year-classes of pike occurred in years with a lower water level in spring because there was a lower fluctuation of water levels during the spawning period. Table 1 . Instantaneous mortality (Z) and survival (S) rates for the whole population of pike from Lake Rubikiai and other waters.
